Abstract: Dyslipidemia is the risk of cardiovascular disease, and their relationship is clear. Lowering serum cholesterol can reduce the risk of coronary heart disease. At present, the main treatment is taking medicine, however, drug treatment has its limitations. Exercise not only has a positive effect on individuals with dyslipidemia, but can also help improve lipids profile. This review is intending to provide information on the effects of exercise training on both tranditional lipids, for example, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides and new lipids and lipoproteins such as non-high-density lipoprotein cholesterol, and postprandial lipoprotein. The mechanisms of aerobic exercise on lipids and lipoproteins are also briefly described.
Background
It has been consistently showed that concentration of low-density lipoprotein cholesterol (LDL-C) increasing is associated with an increased risk of myocardial infarction and vascular death [1] . High-density lipoprotein cholesterol (HDL-C) is a strong, consistent, and independent predictor of cardiovascular events, which has been confirmed by many prospective studies on different racial and ethnic groups worldwide [2, 3] . In addition, triglycerides (TG) can enter the arterial wall with a mild to moderate increase concentration (2-10 mmol/L), and then accumulate at there, thus causing the possibility of atherosclerosis [4] . Between 2007 and 2008, an increase in TG was associated with an increased risk of myocardial infarction, ischemic heart disease, ischemic stroke, and all-cause mortality, according to studies in the Copenhagen City Heart Study and Women's Health Study [5] [6] [7] .
Lowering serum cholesterol can help reduce the risk of coronary heart disease (CHD). Statin therapy has been appropriately emphasized in the current US and European guidelines as the primary treatment for LDL-C reduction because of strong evidence of reduced safety, efficacy and events [8, 9] . However, many people cannot tolerate statins, and statins are contraindicated in pregnant women. Therefore, there is a need to find another non-statin to help more people better reduce LDL-C. There are several novel methods of reducing LDL-C in active studies, such as inhibitors of mipomersen, lomitapide, and proproteinase/subtilisin/kexin 9 (PCSK9). However, their hepatotoxicity, high cost, inconvenience, and a general lack of availability outside the tertiary referral centers imply that their use is limited [10] . Researchers have also attempted to reduce cardiovascular risk by increasing HDL-C concentrations. There are two main approaches currently available: elevation of HDL-C directly, such as with cholesterol ester transfer protein (CETP) inhibitors; or promotion of the reverse cholesterol transport (RCT) pathway, e.g., infusion of apolipoprotein A-I (apoA-I) containing recombinant HDL particles or lipid-poor HDL particles [11] . However, there have been no positive outcomes. For the reduction of TG, more advice comes from changes in lifestyle, such as sugar and the Mediterranean diet [12, 13] . Of course, drugs are also effective [14] , such as fibrates, fish oil and niacin [15] .
Aerobic exercise with lipids and lipoproteins

Aerobic exercise
In addition to these treatments, aerobic exercise has been shown to improve the prognosis of cardiovascular disease (CVD). Aerobic exercise is defined as any form of physical activity that produces an increased heart rate and respiratory volume to meet the oxygen requirements of the activated muscle. Compared to medications, aerobic exercise is easier to carry out and has fewer side effects. Pedersen and Saltin [16] concluded that exercise can have a positive impact on symptoms and physical health via investigation of multiple meta-analyses about exercise and lipid profiles. Kokkinos et al. [17] performed a prospective cohort study of exercise and lipid metabolism. Individuals were grouped by evaluating the peak metabolic equivalents (MET) achieved during the exercise endurance test, the adaptation conditions and the different statin treatment. After 10 years, for individuals who took statins, the mortality risk decreased, while their fitness increased; the hazard ratio in patients who were in highly fit for highly fit (>9 MET) was 0.3 when compared with those who were in least fit (<5 MET). Therefore, the authors concluded that the risk of mortality is significantly reduced when combined with statin therapy and aerobic exercise compared to either method alone, and that aerobic exercise is required for individuals with dyslipidemia.
In their 2016 study, Ekelund et al. [18] investigated the effects of exercise and non-exercise on all-cause mortality. They conducted a prospective cohort study to analyze the effects of exercise versus non-exercise on cardiovascular mortality by analyzing the time of sitting and the duration of exercise. The study involved 1,005,791 individuals for a total follow-up of 2-18.1 years. Compared with the exercise group (i.e., > 35.5 MET-h per week), the mortality rate during follow-up was 12-59% higher for people who were sitting for a long time on a daily basis. In addition, they found that for people who exercised a lot every day, increasing their sitting time did not increase their all-cause mortality. As a result, the authors concluded that prolonged sitting could indeed increase all-cause mortality, but a certain amount of exercise per day seemed to counteract this effect to some extent.
For its low-cost, low-risk and non-drug intervention that can be applied to the vast majority of the public, aerobic exercise is recommended for CHD patients [19] . In 2015, the European Society of Cardiology recommends that aerobic exercise training in cardiac rehabilitation programs should provide aerobic exercise training in patients with non-ST-elevation acute coronary syndrome and the need to assess exercise capacity and exercise-related risks. If feasible, it is recommended that regular exercise training ≥3 three or more times a week and at 30-45 min per session [20] .
Aerobic exercise and HDL-C
Many studies have focused on the relationship between aerobic exercise and HDL-C, and have found that HDL-C levels are more sensitive to aerobic exercise than both LDL-C and TG. Furthermore, all studies focusing on the effects of exercise on HDL-C seemed to consistently indicate that there was an increase in HDL-C more or less, no matter in human or in rats (Tables 1 and 2 ). However, people usually improve their lifestyles as they do aerobic exercise, which can lead to interference with the results. To avoid this problem, Kodama et al. [28] performed a meta-analysis of 25 randomized controlled trials. People only exercised, that is, without medications or dietary therapy. Still, they found HDL-C increased by 2.53 mg/dL when aerobic exercise was 5.3 MET (64.8% maximal aerobic capacity).
As there have been many studies on the relationship between aerobic exercise and HDL-C, researchers have begun to focus on the relationship between aerobic exercise and HDL-C subfractions. As evidence suggests that HDL2-cholesterol (HDL2-C) provides greater protection against coronary heart disease, researchers are paying more attention to HDL2-C than to HDL3-cholesterol (HDL3-C) [29] . However, there were not many significant positive results in previous randomized controlled trials, and only 30% of studies showed that aerobic exercise had an effect on HDL2-C [30, 31] . To determine the actual relationship between aerobic exercise and HDL2-C, Kelley et al. [32] studied the effect of aerobic exercise on adult HDL2-C using meta-analysis. They included 19 randomized controlled trials and found that HDL2-C increased by about 11% in subjects undergoing aerobic exercise, and the results were statistically significant. In addition, even if each study was removed from the model, the results still remained statistically significant. Besides, exercise-induced HDL2-C increase was not apparently associated with changes in body weight, body mass index, and body fat composition. HDL3-C is affected by aerobic exercise too. Halverstadt [33] conducted a study that included 100 healthy individuals who did not exercise previously. After 24 weeks of aerobic exercise, their HDL3-C levels were significantly reduced (1.9 ± 0.5 mg/dL, p = 0.01). In addition, studies have shown that, like HDL2-C, changes in plasma HDL3-C induced by aerobic exercise training were independent of changes in diet and body fat.
The main function of HDL-C is to participant the RCT process. Králová Lesná et al. [34] found that exercise could increase cholesterol efflux by 1.8% after 9 weeks training. Besides RCT, HDL-C possesses other functions such as clear lipid peroxide transport. Väli-mäki IA et al. [35] and Tiainen et al. [36] found that exercise could increase oxidized HDL (oxHDL) and oxHDL/HDL and decrease oxLDL at the same time. So, exercise can affect the HDL-C function including RCT process and lipid peroxide transport clearing. And the function of anti-inflammation or anti-oxidation needs further research.
Aerobic exercise and LDL-C
Fasting LDL-C is strongly associated with an increased risk of coronary artery disease (CAD), so it is necessary to make clear the effect of aerobic exercise on LDL-C. Unlike HDL-C, the effect of exercise on LDL-C is inconsistent in human and there are even completely contrary results ( Table 1 ). The results of these different studies may be due to variations in people's weight. Some studies showed that aerobic exercise alone did not change the fasting blood LDL-C levels, unless the weight during this period also changed. In addition, research statistics showed that per kilogram of body weight loss resulting in LDL-C reduced by about 0.8 mg/dL [37] .
In rats, the changes of HDL-C are almost the most obviously one than others. It may not only because HDL-C is more vulnerable to exercise, but also because HDL-C is the most abundant of lipids component in rats. Besides, different from the human being, LDL-C consistently decreased after exercise in rats (Table 2) .
Although the current results on the LDL-C response to the aerobic exercise are discordant, studies have still indicated the potential occurrence of important cardioprotective improvements in LDL-C subfractions. LDL-C is classified according to their size and density. LDL-C subfractions that directly related to cardiovascular events are smaller, denser LDL particles [38] . Because of the knowledge of different LDL subcomponents, it has become necessary and interesting to explore whether aerobic exercise particularly affects certain LDL subcomponents. In some patients with mild to moderate dyslipidemia, the researchers found that after a few months of aerobic exercise, LDL-C did not change significantly, but the concentration of atherogenic small LDL particles decreased, and the average size of LDL particles increased [39] . Therefore, the impact of aerobic exercise on LDL-C should not be limited to total LDL-C, but LDL-C subfractions should also be considered. However, Varady et al. [40] found that the LDL particle volume decreased in patients with hypercholesterolemia after aerobic exercise. Therefore, they worry that aerobic exercise may reduce the LDL particle volume to increase CHD risk. By contrast, Elosua et al. [40] suggested that aerobic exercise had no effect on LDL particle diameter. Given these discrepant results, additional studies addressing the effects of aerobic exercise on the LDL fraction appear to be necessary.
Plasma Lp (a) is another LDL subunit containing Apo (a). However, unlike other low-density lipoprotein subfractions, Lp (a) is genetically influenced, unaffected by motion, and cannot be improved by any form of exercise [41] .
ApoB is a major component of LDL particles and is essential for the removal of LDL particles in the circulation. About 95% of apoB binds to LDL particles, and each LDL particle binds to only one apoB molecule [42] . Therefore, the concentration of apoB indirectly reflects the concentration of LDL-C to a certain extent. Because of this, increased apoB concentrations can reflect an increased cardiovascular risk [43] . The effects of aerobic exercise on apoB concentration are not well confirmed. Crouse et al. [44] and Laaksonen et al. [45] both found that after a few months of aerobic exercise, the concentration of apoB in hypercholesterolemic men decreased. However, there were controversies about these findings. For example, Leon et al. [46] found that 20 weeks of aerobic exercise did not affect the concentration of apoB. Others found no change in apoB concentrations during either long (48 weeks) or short (3 weeks) aerobic exercise. Some factors must result in these various outcomes, for example, age. Accordingly, the authors designed a study to determine whether age influenced the results, however, they found that age did not affect apoB or lipoprotein concentrations in response to exercise [47] . Therefore, more studies on aerobic exercise and apoB remain necessary.
Aerobic exercise and TG
It is widely reported that exercise can induce lower plasma TG concentrations (Tables 1 and 2 ). However, many studies have shown that sedentary individuals have no change in TG levels after a single exercise session [48] . The reasons for the discrepancies were unclear. It seemed that where there was an exercise with a high energy requirement, there would be more frequent that TG concentrations decreases occur. Actually, TG changes in sedentary subjects did occur regardless of whether the energy consumption is low or moderate [49] . Therefore, the energy consumption may not be the main reason for this distinction. If this is the case, is it the state of the patient before exercise (e.g., sitting or exercise) is the key factor? To our disappointment, the TG did not change significantly in non-active subjects with aerobic exercise. But the results of other studies have been very gratifying. The researchers found that when participants had lower baseline levels of TG, there was only a slight decrease in TG after exercise. While, when TG baseline levels were high, there was a significant reduction. Thus, the TG baseline level may be the key factor influencing the effect of exercise on the TG response. It has been approved that the baseline level of TG are controversy to that of HDL-C, HDL2-C, and HDL3-C. However, investigators have noted the HDL-C increasing but not TG level decreasing at the same time in subjects after an aerobic exercise training [50] . Numerous studies showed that TG reduction always accompanied with no vary of HDL-C, or HDL-C increased with no apparent improvements of TG level. Likewise, in previous inactive individuals, HDL-C elevation has no relationship with TG level. But, it has been approved that there were both HDL-C increasing and TG decreasing with sedentary hyperlipidemia participants after aerobic exercise training. For instance, Peter et al. noted that after 2 days at the end of the aerobic exercise, the TG decreased with an HDL-C increase approximated to 14%. HDL-C elevation closing to 11% may contribute to the HDL-C concentrations raise [51] . At present, researchers are puzzled the different responses of TG and HDL-C to the aerobic exercise training. It appears that body weight, body fat, cardiovascular fitness, training status, regional lipid concentration, dietary changes, and genetic factors all contribute to it. In addition, exercise intensity, exercise time, as well as blood collection time, blood test technology, subject sample size should also be taken into account.
Aerobic exercise and postprandial lipemia
There are a number of studies that provide important evidence for exercise training in response to lipids. However, almost all of the blood collection is in fasting state. Therefore, it can only reflect the effect of exercise on fasting lipid. As we all know, only a few hours before breakfast can be strictly referred to as fasting state, and the state of time after a meal is far more than fasting state. Therefore, the researchers speculated that postprandial lipid was of more sense in lipid metabolism than fasting state, and postprandial lipid may have a greater role than fasting blood lipids in the prediction of cardiovascular risk factors. In addition, the speculation has been approved by finding that postprandial triacylglycerolemia predicts cardiovascular events better than fasting triacylglycerol (TAG) concentrations [6] . Mestek et al. [52] observed that exercise training reduced the non-fasting TG response to a high-fat diet in individuals with metabolic syndrome. Postprandial blood lipid response to aerobic exercise not only occurred immediately after training in the acute phase, but also lasted to the next day. In addition, there is no need for a specific exercise. Exercise can be done all day. There was no significant difference between continuous aerobic exercise and single-session effectiveness in reducing non-fasting TG levels [53] . Sabaka et al. [54] found that exercise for 4 days resulted in significantly changes of postprandial TG, LDL-C and VLDL remnants. However, there was no significant change in postprandial HDL-C, but some HDL-C subfractions were altered. For example, the authors noted a statistically significant reduction in small and medium HDL particles in the postprandial state after exercise training. Therefore, aerobic exercise does affect postprandial lipid distribution. Another important finding was that only 4 days of physical exercise can lead to significant positive changes in postprandial lipid profile, suggesting that short-term aerobic exercise can improve postprandial lipid distribution.
Vigorous exercise training can significantly reduce postprandial lipids, which is more common in healthy and non-obese individuals. To investigate the effects of vigorous exercise on postprandial TG, subjects exercised before a high fat diet, but exercised for longer periods of time and exercised more intensively [55, 56] . As respected, there was substantial lowering of postprandial TG level. However, for most people, especially cardiovascular patients, such a high intensity of exercise is not appropriate. In fact, this intensive training is not necessary. In order to reduce postprandial blood lipids, moderate-intensity aerobic exercise is sufficient. In addition, low-fitness people only need to use low-intensity aerobic exercise [57] . Therefore, despite the high-intensity aerobic exercise have a very significant impact on postprandial lipid changes, for most people, moderate or lower intensity exercise is sufficient.
Aerobic exercise and non-HDL-C
Recent evidence suggested that non-HDL-C was a better indicator of CVD risk than traditional lipids such as HDL-C, LDL-C, and TG. In addition, studies have shown that, as a predictor of future cardiovascular risk, non-HDL-C was more persuasive than LDL-C to some extent. Given that the potential benefits of aerobic exercise and the risk associated with elevated non-HDL-C levels, meta-analysis has been used to examine the effects of aerobic exercise on non-HDL-C in children and adolescents. However, previous meta-analysis reported that walking reduced adult non-HDL-C by 4% [58] . In contrast, one study reported that non-HDL-C in the exercise training group did not change significantly compared with the control group. The subjects were children and adolescent whose TC and HDL-C levels were essentially normal, and both of which were critical factors in the calculation of non-HDL-C, thus did not achieve the desired positive results. However, few studies have focused on the relationship between aerobic exercise and non-HDL-C levels. Accordingly, more studies should be planned to illustrate the relationship between the two.
Related influencing factors of aerobic exercise on lipids
Many factors lead to different results on the effects of aerobic exercise on lipoprotein levels, such as various training time or training intensities. Some researchers believe that, to keep this effect longer, then, aerobic exercise time also needs longer, as well as the intensity needs more intensive. Dunn et al. [59] suggested that short-term training could also make improvements on plasma lipids, as long as there was enough exercise intensities. Kraus et al. [23] observed that the total energy consumption and exercise intensity was the main factor affecting lipid changes. O'Donovan et al. [24] aimed to study the effect of exercise intensity on lipid changes and found that, in the same amount of exercise, the exercise intensity is higher, the more obvious changes in blood lipids.
The results of these studies suggest that exercise time, exercise volume and exercise intensity all have an effect on exercise-induced changes in blood lipids. HDL-C is the most sensitive to exercise. In order to reduce LDL-C and TG levels more, it is necessary to increase the aerobic exercise intensity. However, this is difficult to achieve in individuals with coronary artery disease who are of limited exercise capacity or other risk factors.
The mechanisms of the effects of aerobic exercise on lipids
Although the mechanism of exercise-induced lipid changes is unclear, exercise itself may increase blood lipid consumption hence to decrease lipids levels [60] . Mechanisms may involve the increased activity of lipoprotein lipase (LPL) -lipoprotein lipase responsible for chylomicrons and VLDL TAG hydrolysis in granules [61] . Most of the catalytically active LPL is located in the vessel wall and then isolated from the endothelium surface and released in the blood after intravenous injection of heparin [62] . Therefore, the detected LPL is often the post-heparin LPL. Ferguson et al. [63] reported that heavy or prolonged aerobic exercise episodes could significantly increase post-heparin plasma LPL activity, thus promoted LPL-mediated TG hydrolysis. However, with several findings showing that preheparin LPL concentration indicate the amount of systemic LPL activity [64] [65] [66] , Tanaka et al. turned the target to pre-heparin LPL, and found that 12 weeks of jogging training increased pre-heparin LPL concentrations in overweight men [67] . Exercise-induced LPL changes were time-delayed, for example, LPL mRNA peak level occurred at 4 h after exercise [62] . Besides, LPL activation elevation could last for 24 h after only a 1 h exercise session in individuals with moderate intensity exercise [68] .
In addition to the traditional mechanisms described above, several other discoveries revealed the mechanisms about exercise altering lipids profile from other aspects. Increased expression of ATP-binding cassette transporter A-1 (ABCA1) in macrophages has a strong effect on RCT, plasma HDL-C formation, and protection against atherosclerosis. So far, studies focused on the impact of aerobic exercise on blood ABCA1. Study found that the ABCA1 gene expression was significantly different before and after exercise [69] . Ghanbari-Niaki et al. [70] also found that ABCA1 mRNA expression increased regardless of the intensity of exercise. Therefore, they hypothesized that aerobic exercise may increase the expression of ABCA1 to exert its role in reducing cardiovascular risk. The researchers tested this hypothesis in a recent study [26] . They used human CETP transgenic (CETP-tg) mice to study the effects of aerobic exercise on RCT. Male CETP-tg mice were randomly assigned to control and exercise groups. Six weeks later, they found ABCA1 protein levels increased 100% in the liver of the exercise group.
Liver X receptor (LXR) is one of the transcription factors of nuclear receptor superfamily that play a key role in liver cholesterol metabolism. A study reported that low intensity exercise resulted in significant increase in LXR expression in human [71] . Study showed that LXRα expression was significantly elevated 2.8 fold in exercised rats than the control group [27] . LXR has been proved involving in regulating the expression of ABCA1. So, exercise may by inducing higher LXR and ABCA1 to improve the RCT process, which resulting in increased plasma HDL-C levels.
PCSK9 is a hot spot in the field of cardiovascular research in recent years as it is a new biomarker of LDL clearance and a new target of CVD therapy. Exercise can reduce plasma LDL-C levels, and PCSK9 plays an important role on the regulation of LDL receptor. Therefore, the investigators have considered that exercise is likely to affect LDL-C by modulating PCSK9. Kamani et al. [72] found a significant decrease in mean PCSK9 levels and mean LDL-C levels in volunteers after 3 months exercise, and concluded that daily exercise is independently associated with a decrease in PCSK9 levels over time. Rideout et al. [73] used C57BL/6 mice as a model, and feed them with high-fat diet, then make them do aerobic exercise. After 8 weeks, the levels of PCSK9 mRNA and sterol regulatory element binding protein 2 (SREBP2) were increased significantly in mice with high-fat diet and exercise training, 1.9 and 1.8 times higher than those only with high-fat diet respectively. In addition, both plasma PCSK9 and cholesterol were reduced by 14% in mice with both high-fat diet and exercise training, while no change with those only with high-fat diet. Accordingly, one means by which aerobic exercise helps improve lipoprotein levels may be via PCSK9 or SREBP2. However, additional mechanistic studies are required to directly link exercise-induced lipid lowering with reduced PCSK9 activity.
Summary of the potential mechanisms through which exercise improves the lipid profile is in Fig. 1 .
Conclusion
Currently, clinicians may be excessively reliant on lipidlowering drugs (i.e., statins) to treat patients with dyslipidemias. In our opinion, aggressive lifestyle alterations, such as exercise, should not be abandoned. Such knowledge should aid in preventing and treating dyslipidemia while reducing the risks of myocardial infarctions and CAD. Clinicians should encourage as much physical activity as possible. 
